Objectives. We hypothesized that health insurance payer and race might influence the care and outcomes of patients with colorectal cancer.
Methods. We examined treatments received for all incident cases of colorectal cancer occurring in Florida in 1994 (n=9551), using state tumor registry data. We also estimated the adjusted risk of death (through 1997), using proportional hazards regression analysis controlling for other predictors of mortality.
Results. Treatments received by patients varied considerably according to their insurance payer. Among non-Medicare patients, those in the following groups had higher adjusted risks of death relative to commercial fee-for-service insurance: commercial HMO (risk ratio [RR] = 1.40; 95% confidence interval [CI] = 1.18, 1.67; P = .0001), Medicaid (RR=1.44; 95% CI=1.06, 1.97; P=.02), and uninsured (RR=1.41; 95% CI=1.12, 1.77; P = .003). Non-Hispanic African Americans had higher mortality rates (RR=1.18; 95% CI=1.01, 1.37; P=.04) than non-Hispanic Whites.
Conclusions. Patients with colorectal cancer who were uninsured or insured by Medicaid or commercial HMOs had higher mortality rates than patients with commercial fee-for-service insurance. Mortality was also higher among nonHispanic African American patients. (Am J Public Health. 2000; 90:1746 -1754 Colorectal cancer is the second leading cause of cancer mortality in the United States, with an estimated 132000 cases diagnosed in 1998 and 57000 deaths in the same year. 1 Although detection of colorectal cancer at an early stage is critical to achieving good outcomes, proper treatment can also influence survival. In addition to surgical excision of the primary tumor, many patients benefit from adjuvant chemotherapy or radiation therapy. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Previous studies have shown great variability in the care and outcome of patients with colorectal cancer. 12, 13 Age-adjusted colon cancer mortality rates are significantly higher for Black patients than for White patients. [14] [15] [16] Colorectal cancer mortality rates are falling among White patients but rising among Black patients. 14 Disparate treatments have been suggested as one factor contributing to racial differences in survival. 17 Health insurance has been suspected of influencing the type of health care that patients receive. 18 Few studies, however, have examined the effects of insurance payer on colorectal cancer care. Studies have found no difference in treatments or outcomes between fee-forservice (FFS) and HMO insurance types, but most studies have not been population based. [19] [20] [21] [22] Lacking health insurance and having Medicaid as an insurance payer have both been associated with different treatment patterns and poor outcomes in patients with breast cancer, but they have not been adequately studied among patients with colorectal cancer. [23] [24] [25] [26] It is not certain, therefore, to what extent race and insurance payer influence the care and outcomes for patients diagnosed with colorectal cancer. We report results from a populationbased study exploring the influence of race/ ethnicity and insurance payer on the treatments and outcomes for colorectal cancer patients in Florida. We hypothesized that patients who were non-White would be less likely to receive adjuvant therapies and would have higher mortality rates than patients who were White. We also hypothesized that treatment and survival would be influenced by the patient's form of health insurance.
Methods

Sources of Data
Incident cases of colorectal cancer (n = 9551) occurring in 1994 were identified from the Florida Cancer Data System (FCDS), Florida's population-based statewide cancer registry. The FCDS is a member of the North American Association of Central Cancer Registries, whose audits have estimated the completeness of case ascertainment for 1990 to 1994 to be 97% and the accuracy of an 8-category staging system to be 82%. Study cases included cancers of the colon (including the rectosigmoid junction) and rectum but excluded tumors of the anal canal because of differing pathology and treatment implications. 27 FCDS cases were linked with the Florida Agency for Health Care Administration (AHCA) discharge abstracts, which comprise data on admissions to all nonfederal acute care hospitals and patient visits to ambulatory surgical centers, freestanding radiation therapy centers, and diagnostic imaging centers. Data abstracted include Social Security number, date of birth, sex, race/ethnicity, discharge diagnoses (up to 10), procedures performed (up to 10), and insurance payer. The methods of link-ing FCDS and AHCA records, which have been previously described, 28 resulted in a match rate of 82.8%, a rate similar to that achieved in a comparable study. 23 Unmatched cases were similar to matched cases regarding sex (P = .64), median income level (P = .43), median education level (P = .71), race/ethnicity (P = .29), and whether the case was a colon or rectal cancer (P = .96). Colorectal cancers that were diagnosed at the in situ stage or that were unstaged were less likely to match than were those diagnosed at other stages (P=.001).
Using 1990 US census data, we assigned each individual the median income/education level of their census tract (87% of cases) or, if this was unavailable, of their zip code of residence (13% of cases). The use of censusderived measures of socioeconomic status has been validated in previous studies. [29] [30] [31] [32] Stage was defined at the time of diagnosis by the SEER Site-Specific Summary Staging Guide. 33 Stage at diagnosis was classified as in situ, local, regional, or distant and was available for 8933 (93.5%) of the incident colorectal cancer cases, with the remainder being unstaged. We assessed vital status through December 31, 1997, using FCDS-derived mortality files.
The FCDS records all cancer-directed treatments administered within 4 months of initiation of therapy, regardless of sequence or degree of completion and regardless of whether performed at the reporting institution or elsewhere. Cancer-directed surgical treatments are defined as procedures performed for definitive treatment of the cancer as opposed to diagnostic or palliative procedures (such as a biopsy, bypass procedure, or colostomy). To supplement information from the FCDS, we also identified cancer-directed surgical procedures from discharge abstracts, 69 . We used discharge abstract data from all hospitalizations associated with the first course of treatment. To assess the degree of concordance between the 2 databases, we compared cases in which a cancer-directed surgical treatment was found in discharge abstracts with corresponding information recorded by the FCDS. In 94.2% of cases, there was agreement between the 2 sources of data regarding the surgical treatment performed, a rate similar to that of a study comparing tumor registry and claims data. 34 In a similar fashion, we used FCDS and discharge records to identify patients receiving radiation therapy or chemotherapy. Given the inherent limitations of capturing treatments with administrative databases, we considered cases in which only 1 database indicated that a treatment had been received to be presumptive evidence of treatment.
Insurance payer is defined similarly by both the FCDS and AHCA as the patient's primary method of payment for services provided by the reporting facility. Comorbidity was determined by methods described by Charlson et al 35 and Deyo et al.
36
The Charlson-Deyo comorbidity index is not an exhaustive list of all possible comorbid conditions but rather is a weighted index of 19 selected categories of disease that were found to be associated with mortality and other important health outcomes. Increasing scores on the Charlson-Deyo comorbidity index reflect an increasing burden of comorbid conditions. Charlson-Deyo comorbid conditions were identified through inpatient and outpatient hospital discharge abstracts for calendar year 1994. The Charlson-Deyo comorbidity index has been validated in previous studies.
35,37,38
Analysis
Bivariate relationships between predictor variables and treatments received were examined by the χ 2 test for categorical variables and the t test for interval measures. Multivariate relationships between clinical variables and the odds of receiving surgical, radiation, or chemotherapy treatments were examined by multiple logistic regressions. Because patients 65 years and older are virtually all insured by Medicare, we analyzed the Medicare and nonMedicare populations separately to determine the effects of insurance payer on outcomes. Among patients insured by Medicare, we compared those having HMO and those having FFS insurance types. For non-Medicare patients, we created indicator variables for the following insurance payers: Medicaid, commercial HMO, commercial FFS, "other" insurance payers, and no health insurance. The statistical significance of predictor variables was tested with the χ 2 likelihood ratio test. 39 The use of surgery and chemotherapy to treat colorectal cancer depends on tumor stage. We therefore stratified analysis of these outcomes by stage at diagnosis. There were too few cases of in situ or unstaged cancers, however, to allow meaningful analyses of these strata. Radiation therapy is used more commonly for rectal cancers than for colon cancers. We therefore examined the determinants of radiation therapy separately for colon and rectal cancers. Weexaminedtheadjustedriskofdeathfrom all-cause mortality for patient subgroups with Cox proportional hazards regression analysis. Hazard rates were adjusted for other factors that might be associated with mortality, such as age, sex, comorbidity, marital status, smoking status, and community measures of socioeconomic status. To examine the extent to which differences in hazard rates could be explained by later stage at diagnosis or differences in treatment modalities received, 3 separate models were constructed in a hierarchical fashion. The first model excluded stage at diagnosis and treatment modalities. To assess the extent to which any observed mortality differences could be explained by later stage at diagnosis, the second model included indicator variables for stage. To further assess whether any mortality differences observed in the base mode could be explained by differences in stage at diagnosis and treatment modalities received, the third model included indicator variables for stage and treatment modalities.
All analysis was conducted with SAS statistical software (LOGISTIC, LIFETEST, PHREG procedures). 40 We present 95% confidence intervals for adjusted odds and risk ratios; unless specified, all P values are 2-tailed. We determined statistical significance by using an α level of .05.
Results
Most patients received some type of cancer-directed surgical treatment, whereas fewer patients received radiation or chemotherapy (Table 1) . In bivariate analysis, insurance payer, but not race/ethnicity, was associated with the types of treatment received. Patients who received a cancer-directed surgical procedure were similar in age to those who did not (71.6 years vs 72.1 years, t test = 1.58, P = .11). Patients who received radiation therapy were younger than those who did not (68.9 years vs 72.6 years, t test=14.0, Note. FFS = fee-for-service. *P < .05; **P < .01; ***P < .001, comparing the proportion of patients receiving the specified treatment.
P<.001), as were patients who received chemotherapy (65.6 years vs 73.3 years, t test=27.1,
P<.0001).
Multivariate determinants of receiving definitive surgical treatment are presented in Table 2 . There were no overall racial differences in the receipt of definitive surgical treatment. In a stratified analysis, Hispanics and non-Hispanic Blacks with regional-stage disease were more likely to receive definitive surgical treatment than were non-Hispanic Whites. Among Medicare patients, those having HMO insurance were more likely to receive definitive surgical treatment, a difference that increased with the cancer's advancing stage. Among nonMedicare patients, those having Medicaid, those who were uninsured, and those having other forms of health insurance were less likely to receive surgical treatment than were private FFS patients. Use of definitive surgery was also more common among younger patients, those with higher levels of education, and those who were married.
Multivariate predictors of radiation therapy are presented in Table 3 . There were no racial differences in the use of radiation therapy. Among Medicare patients, those having HMO insurance types were less likely to receive radiation therapy, an effect that was primarily restricted to patients with colon cancer.
Among non-Medicare patients, there were no insurance-related differences in the receipt of radiation therapy. Other predictors of using radiation therapy included younger age, lower levels of income, nonurban residence, being married, having rectal cancer, and having lower levels of comorbidity.
Multivariate predictors of receiving chemotherapy are presented in Table 4 . Hispanics were less likely than non-Hispanic Whites to receive chemotherapy. Among non-Medicare patients, persons with commercial HMO insurance were less likely than those with commercial FFS insurance to receive chemotherapy. Otherwise, among patients of all tumor Odds ratios (ORs) for having received definitive surgery are adjusted for age, sex, marital status, smoking, urban residence, comorbidity, anatomic site, stage at diagnosis, and community measures of education and income level (total, n = 8351; local, n = 2530; regional, n = 3679; distant, n = 1344). Includes in situ (n = 332) and unstaged (n = 466) cancers. c Indicates change in the odds of receiving the treatment with each additional year of age or increase in income category. *P < .05; **P < .01; ***P < .001 stages, there were no insurance-related differences in the receipt of chemotherapy. Other factors predictive of receiving chemotherapy included younger age, higher levels of education, being married, having rectal cancer, having advanced tumor stage, and having lower levels of comorbid illness.
At 
002).
Results of proportional hazards regression models are presented inTable 5. Non-Hispanic African Americans had a higher mortality rate than non-Hispanic Whites in all models. There was a trend for lower mortality among patients of other race/ethnicity in the base model, which reached statistical significance when stage and treatment modality were also controlled for. Among Medicare patients, those belonging to HMOs had a mortality rate similar to those in FFS plans.Among non-Medicare patients, mortality rates were higher in all models for patients with commercial HMO insurance or who were uninsured compared with patients with commercial FFS insurance.There was a statistically nonsignificant trend for patients with Medicaid Odds ratios (ORs) for having received radiation therapy are adjusted for age, sex, marital status, smoking, urban residence, comorbidity, anatomic site, stage at diagnosis, and community measures of education and income level (total, n = 8351; colon, n = 6980; rectal, n = 1371).
b
Indicates change in the odds of receiving the treatment with each additional year of age or increase in income category. *P < .05; **P < .01; ***P < .001.
insurance to have higher mortality rates than those with commercial FFS insurance in the base model; this trend reached statistical significance when stage at diagnosis and treatment were also considered.
Discussion
We found significant differences in the treatment and survival of colorectal cancer patients according to their insurance payer. Among non-Medicare patients, those with commercial HMO insurance were less likely to receive chemotherapy and had greater mortality than those with commercial FFS insurance. Similarly, patients who were uninsured or who were insured by Medicaid were less likely to receive cancer-directed surgery and had higher mortality rates than patients with commercial FFS health insurance. Although there were differences in care between patients with Medicare HMO and those with Medicare FFS insurance, their mortality rates were similar.
Our results differ from those of previous studies that reported similar treatments and outcomes for colorectal cancer patients having FFS vs HMO insurance types. [19] [20] [21] [22] 41 Studies reported by Retchin et al. 20, 21 and Merrill et al. 41 were restricted to patients insured by Medicare, a group for which we also found no differences in outcomes. Studies reported by Francis et al. 22 and by Vernon et al. 19 were not population based and were restricted to patients residing in single metropolitan areas (Seattle and Houston, respectively) that may not be representative of other parts of the country. Our results suggest that care and outcomes for nonMedicare colorectal cancer patients with FFS insurance and for those patients with HMO insurance may be different.
The survival differences between commercial HMO and FFS insurance do not appear to be due to later stage at diagnosis for patients having HMO insurance, given that the 2 insurance groups were found to have similar stages at diagnosis in a previous Odds ratios (ORs) for having received chemotherapy are adjusted for age, sex, marital status, smoking, urban residence, comorbidity, anatomic site, stage at diagnosis, and community measures of education and income (total, n = 8351; local, n = 2530; regional, n = 3679; distant, n = 1344). Includes in situ (n = 332) and unstaged (n = 466) cancers. c Indicates change in the odds of receiving the treatment with each additional year of age or increase in income category. *P < .05; **P < .01; ***P < .001. study. 28 In addition, adjusting for both stage at diagnosis and treatment modalities used did not reduce the higher mortality rate observed for commercial HMO patients relative to FFS patients.
It is possible that commercial HMO patients were generally less healthy than patients with commercial FFS insurance. We adjusted mortality rates for age, sex, and comorbidity, however, and patients belonging to an HMO were usually found to be healthier than patients with FFS insurance. 42, 43 We found, though, that patients with commercial HMO insurance and those with commercial FFS insurance had similar measures on the Charlson-Deyo comorbidity index. We did not have detailed information on the specific types or intensities of treatments received, nor on the overall quality of care rendered, so it is also possible that the health care that FFS and HMO patients received differed in other important ways not captured by our study.
There are several reasons why HMO and FFS insurance types might have different effects on health care delivery. On the one hand, HMOs, especially staff-and group-model forms, may have the resources and organizational structure to disseminate standards of care and to ensure that current practice patterns are consistent with these standards. 44, 45 Staff-model HMOs have in some cases demonstrated care as good as, if not better than, FFS plans. [46] [47] [48] There is concern, however, that financial considerations might inappropriately influence the care of patients in capitated arrangements. 49 Unfortunately, there have been many such examples in Florida. [50] [51] [52] [53] The effect that HMOs have on quality of care, therefore, may vary considerably depending on the type and structure of the HMO. 54 Lacking health insurance or having Medicaid has been associated with different treat- Referent group for each category is patients not receiving the specified treatment modality. *P < .05; **P < .01; ***P < .001.
ment patterns and poor outcomes in patients with breast cancer. [23] [24] [25] [26] Our results extend this finding to patients with colorectal cancer. Until ways are found to provide health insurance to all citizens, it seems likely that the uninsured will continue to suffer poor health outcomes. 55, 56 We found few racial differences in treatment, but we found higher mortality rates for patients who were Black. Others have similarly found higher mortality for Black patients with colorectal cancer. 17, [57] [58] [59] Potential factors explaining higher mortality among Black patients in previous studies included later stage at diagnosis 59 and lower rates of surgical interventions. 17 In our study, African Americans had higher mortality even after stage at diagnosis and treatment modalities used were controlled for. Studies conducted in Department of Veterans Affairs hospitals, where presumably all patients have equal access to care, have found no differences in treatments and outcomes by race. 60, 61 Black patients have higher mortality from other causes of death and have overall lower life expectancy than Whites, which may partially explain our findings. [62] [63] [64] This study has a number of important limitations. We relied solely on administrative data, which, although generally accurate in studies of cancer care, could not be independently verified. [65] [66] [67] [68] The Florida AHCA, for example, does not have a system for validating treatment information contained in discharge abstracts. It was not possible to ascertain all patient comorbidities, nor their individual severities, from administrative data. Data from state tumor registries may not fully capture treatments given in outpatient settings and may not capture treatments received out of state. Insurance status was assessed at the time of diagnosis and may have changed over the follow-up period. 42, 69 Other limitations include lack of detailed staging information, such as the Dukes Classification or the more clinically detailed TNM staging system of the American Joint Committee on Cancer. 70 We also did not have information on the type of HMO coverage (staff model vs Independent Practice Association [IPA], for example), or information on the cause of death (to allow differentiation of colorectal cancer mortality from other causes). Finally, our study was restricted to cases of colorectal cancer in Florida, which may not be representative of other states or other cancers.
In conclusion, we found significant differences in the treatment and survival of colorectal cancer patients according to their insurance payer and race. African American patients had higher mortality rates that were not explained by differences in stage at diagnosis or treatment modalities used. Among nonMedicare patients, those who were uninsured, insured by Medicaid, or insured by commercial HMOs had different patterns of treatment and higher mortality than did patients with commercial FFS insurance. More detailed clinical studies are needed to confirm these findings and, if they are confirmed, to better understand the mechanisms by which insurance payer influences care. 
